Summary.-Cell-mediated and humoral immune responses to Herpesvirus hominis type 1 (HVH1) and Candida albicans were studied in patients with leukoplakia, showing a histological spectrum of changes from epithelial keratosis to acanthosis and atypia, and in patients with carcinoma. The results were ranked according to increasing values of stimulation indices of lymphocyte transformation to HVH1, and the corresponding macrophage migration inhibition indices, and complement fixing antibody titres of each patient were correlated. This revealed that most patients with epithelial atypia were clustered to that end of the spectrum which had the highest stimulation and migration indices to HVH1; this relationship was not evident with C. albicans. In patients with keratosis and acanthosis there was a significant lack of correlation between lymphocyte transformation and migration inhibition to both HVH1 and C. albicans. In carcinoma the indices of lymphocyte transformation and migration inhibition to HVH1 and C. albicans were depressed. Furthermore, a significant negative correlation was found between lymphocyte transformation and migration inhibition to HVH1, unlike the positive correlation in control subjects. Complement fixing antibodies to HVH1, HVH2, cytomegalovirus and adenovirus, and fluorescent antibodies to C. albicans failed to show a significant change in titre in any one group of subjects tested. The results suggest a cellmediated immune defect in leukoplakia, with a dissociation between lymphocyte transformation and macrophage migration inhibition to HVH1 and C. albicans in cases of keratosis or acanthosis. A specific increase in cell-mediated immunity to HVH1 in leukoplakia with epithelial atypia and the sequential changes argue in favour of a possible participation of HVHl in carcinomatous transformation of some leukoplakias.
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THE aetiology of most oral leukoplakias is unknown but it appears that a variety of aetiological agents may be involved, such as smoking, friction, syphilis and chronic candidiasis. Leukoplakia undergoes carcinomatous transformation in about 5 % of patients (Kramer et al., 1970) , and it is the precancerous nature of some of these lesions that makes it an important condition for investigation. An immunopathological investigation of this disease revealed that saline homogenates of leukoplakic tissue induce slight stimulation of autologous lymphocytes (Lehner, 1970a (Lehner, 1971 . Although the virus has no proven oncogenic properties, it may enhance papilloma and carcinoma formation when administeredl with methylcholanthrene (Tanaka and Southam, 1965; Southam et al., 1969) , so that some co-carcinogen properties cannot be excluded. C'. albicans was used because it is a common carrier fungus of the mouth and may cause a specific type of leukoplakia termed chronic hyperplastic candidiasis (Cawson and Lehner, 1968) .
MATERIALS AND METHODS
Patients. A series of 45 patients wNas classified on clinical and histological criteria of biopsies into the folloNing: (a) 32 patients whose leukoplakia was graded histologically into epithelial keratosis (12), acanthosis (13), and atypia (7), and (b) 13 patients with carcinoma (Lehner, 1970a . The migration index (MI) was calculated as the percentage ratio betwAeen the migration area in antigenstimulated culture supernatant and that of saline control reconstituted with the antigen (Dumonde, 1970 
Fluorescent antibody test (FAT).-IgG
class of antibodies to C. albicans were estimated by the method described previously (Lehner, 1966 (Lehner, , 1970b .
Sequential changes over a period of 3 years have been followed in one patient in whom leukoplakia of the cheek changed from epithelial atypia to carcinoma, at all stages of which the diagnoses were based on biopsy examination. 
RESULTS
The results were ranked according to the SI of lymphocytes stimulated by HVHI and the corresponding MI and CFA were plotted vertically ( Fig. 1) . Controls showed significant correlation between lymphocyte transformation and both migration inhibition (X2 7 58; P < 0.01) and complement fixing antibodies (X2 11.25; P < 0.001). In patients with leukoplakia ( Fig. 2 ) the correlations between SI, MI and CFA were not maintained. Further analysis of the leukoplakia series into 3 histological groups revealed that all 7 cases of epithelial atypia were clustered to the upper end of the spectrum and that a significant MI was found in all 5 tested (Fig. 2) . There was no obvious immunological differentiation of leukoplakia with keratosis from that with acanthosis so these were combine(d an(l the resulting grou) showed a lack of correlation between lymphocyte transformation, macrophage migration inhibition and complement fixing antibodies.
The response of lymphocytes to C. albicans was similarly analysed and in the control series the SI was correlated with the MI (r 0*43; P 0.05), but not with the FAT (Fig. 3) . In leukoplakia there was a dissociation between lymphocyte transformation, migration inhibition and fluorescent antibodies and patients with epithelial atypia were not clustered to one end of the spectrum (Fig. 4) (Fig. 5) . 
Macrophage migration inhibition test
The results were comparable with those found in the lymphocyte transformation test, in that all 5 patients with atypia tested had a MI ofless than 80 % and patients with carcinoma showed a lower incidence of significant MI than controls (Table I) .
However, no difference in the incidence of significant MI was observed in patients with keratosis and acanthosis when compared with controls. A significant difference in MI between the 4 groups of subjects was not observed when lymphocytes were stimulated with C. albicans (Table I) .
Conmplement fixing antibody test
The number of patients with a serum antibody titre greater than 1: 5 was not significantly different in any one group of patients when compared with controls (Table I) 
Fluorescent antibodies to C. albicans
The prevalence of a titre greater than 1: 8 was slightly higher in atypia and further increased in carcinoma, though the 5% level of significance was not reached (Table I) .
Sequential changes of lymphocyte transformation to HVH1, C. albicans and PHA, and CFA to HVH1 are shown in Fig. 6 (Levene, Wright and Turk, 1971) and mucocutaneous candidosis (Goldberg et al., 1971; Valdimarsson et al., 1970) and in one patient with chronic hyperplastic candidosis (Lehner and Wilton, unpublished) . Hence, a dissociation between the two functions of lymphocytes is an immune defect now found in patients with chronic hyperplastic candidosis and leukoplakia, some of which might be associated with smoking and others are idiopathic. If both types of defects, i.e. positive lymphocyte transformation with negative migration inhibition and the converse in keratosis-acanthosis, are compared with controls then significant differences are found with HVHI (X2 5.79; P < 0.02) and to a lesser extent with C. albicans (X2 -5.1; P < 0.05). It is therefore possible that this type of leukoplakia shows a cell-mediated immune defect which may not be confined to one antigen.
The immune tests failed to discriminate between the leukoplakias with keratosis only and those showing acanthosis in addition to keratosis. This is not entirely surprising as there are no precise pathological features to distinguish them. However, ranking the response of lymphocytes to HVH1 according to increasing values of SI revealed that most leukoplakias with epithelial atypias were clustered to that end of the spectrum which had the highest stimulation indices; the corresponding migration indices were all positive but complement fixing antibodies were raised in some and absent in others. This finding might be specific to HVH1, as the SI to C. albicans were negative in all but I patient and the migration inhibition activity was not found in 2 of 4 patients with atypia.
An enhanced cell-mediated immune response to HVH1 in leukoplakia with epithelial atypia is subject to a number of interpretations: (1) The virus infection and epithelial atypia are unrelated events; (2) the virus may grow preferentially in tissue with epithelial atypia; a cell surface antigen may have developed with a particular moiecular configuration which may allow selective binding to HVH1 thereby making the cell unusually susceptible to that virus (Rubin, 1965) ; (3) epithelial atypia may be caused directly by the virus entering the nuclei of epithelial cells and initiating the cellular changes; (4) HVH1 might co-operate with another rnicrobial or chemical agent to induce epithelial changes, or it might activate latent RNA oncogenic viruses (Tanaka and Southam, 1965; Heubner and Todaro, 1969) .
These interpretations will be subjected to experimental studies, though HVHI has no proven oncogenic properties. However, it can enhance papilloma and carcinoma formation when administered with methylcholanthrene and the virus may be involved in carcinomatous transformation of papilloma (Tanaka and Southanm, 1965; Southam et al., 1969) . The fourth interpretation is of particular interest as DNA viruses or chemical carcinogens may be involved in derepressing endogenous viral oncogenes (Heubner and Todaro, 1969) . A relationship between recurrent herpetic infection and carcinoma of the lip was suggested on clinical grounds by Wyburn-Mason (1957) .
The response to stimulation with C. albicans of lymphocytes from patients with atypia was depressed (Fig. 4) (Lehner, 1970a) The possible relationship between HVH1 and oral leukoplakia and carcinoma might appear to be similar to that suggested between genital infection with HVH2 and cervical carcinoma (Rawls et al., 1968; Naib et al., 1969; Aurelian, Royston and Davis, 1970 (Nahmias et al., 1970) ; Aurelian et al., 1970; Catalano and Johnson, 1971 A change in leukoplakia from the stage of keratosis or acanthosis to atypia may occur, although there is little doubt that leukoplakia can remain clinically unchanged for very many years and it may be assumed that the histology may also remain unchanged. Carcinomatous transformation of epithelial atypia has not been conclusively established in the mouth and though there is some evidence for this progression in cervical atypia (Jones et al., 1967; Koss, 1969) the subject is by no means settled. Three patients in the present series had histologically proven epithelial atypia which was followed 1-3 years later by carcinoma; one of them also showed histological evidence of acanthosis 3 years before the development of atypia.
Preliminary sequential analysis of patients with leukoplakia supports the interpretation that during carcinomatous transformation of epithelial atypia an increased index of lymphocyte transformation to HVH1 is followed by a fall in the response of lymphocytes at the onset of carcinomatous transformation. Longterm sequential studies are in progress to establish the part that immune responses to HVH1 may play in the aetiology and prognosis of oral leukoplakia and carcinoma.
The hypothesis to be investigated is that the leukoplakia-carcinoma sequence may show 3 phases. (1) An initiating phase in which HVHI may participate in the development of keratosis and acanthosis, in an otherwise predisposed patient; a dissociation between lymphocyte transformation and migration inhibition permits proliferation of HVHI as was postulated in recurrent herpetic infections . (2) An activating phase in which specifically enhanced and prolonged cell mediated responses to HVH1 might activate derepression of latent RNA oncogenic viruses resulting in epithelial atypia (Heubner and Todaro, 1969) . This may progress to the carcinomatous phase (3) in which invasion is associated with nonspecific impairment of cell-mediated immunity as a result of prolonged viral stimulation.
